This study was undertaken to determine changes in follicular populations on ovaries of dairy cows during three stages of the estrous cycle and their steroidogenic capacity in vitro. Numbers of small (1)) was greater on d 19. In large follicles, accumulation of E into culture medium was greatest (P<.05) on d 19 and the lowest on d 12 (P<.05). In summary, the proportion of EA follicles increases during the preovulatory period, and E production increases in large EA follicles. In contrast, E production in intermediate follicles decreases and production of 1) increases. Thus, major E production during the preovulatory period is likely from the largest EA follicle.
occurs during this period is not clear. The majority of the remaining reports cite at least one additional wave, with the ovulatory follicle developing 3 to 5 d prior to estrus (Dufour et al., 1972; Mutton et al., 1981; .
There have been several studies in sheep using whole follicle culture to study follicular steroidogenesis and its control (Moor, 1973 (Moor, , 1977 Moor et al., 1973; Moor and Wahers, 1979) . However, there have been few reports on steroidogenesis in vitro by bovine follicles (Kruip et al., 1979; .
This study was designed to investigate numbers of small, intermediate and large antral follicles, and to study steroidogenic patterns in vitro of intermediate and large follicles recovered from three phases of the bovine estrous cycle.
Materials and Methods
Beef cows and heifers (n = 31) were randomly assigned to be ovariectomized via the vagina with an ecraseur on d 4 (n = 10), 12 (n = 10) or 19 (n = 11)following observed estrus (d 0). Animals were observed twice daily for estrus. Cows that were designated to be ovariectomized on d
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J. Anita. Sci. 1987 Sci. . 64:1710 Sci. -1716 19 but showed estrus prior to ovariectomy (two animals) were randomly reassigned to another treatment group. Cows assigned to be ovariectomized on d 19 were bled via jugular venipuncture every 4 h for the 24 h preceding ovariectomy. Luteinizing hormone (LH; Zaied et al., 1981) in plasma was measured to determine if the preovulatory surge of LH had occurred. The LH surge occurred in one cow not detected in estrus prior to surgery. Data from that cow are not included in this study. Following ovariectomy, ovaries were placed into culture medium and transported to the laboratory. Follicles were then dissected from the explanted ovary and cultured for 2 h at 37C (Moor, 1973) . Briefly, a cut parallel to the broad ligament exposed the ovarian parenchyma. Follicles were separated from stromal tissue by blunt dissection in an aseptic laminar, air-flow hood with the unaided eye. Removal of the final layers of stromal tissue was accomplished using watch-maker's forceps under a stereodissecting microscope at 6 to 30 x magnification. Follicular diameters were measured using the average of three measurements taken with a vernier caliper and grouped as small (2.0 to 5.0 mm), medium (5.1 to 10 mm) and large (>10 mm) follicles. Intermediate and large follicles were cultured in vitro for 2 h, and steroid released into culture medium and steroid content in follicular fluid measured after culture. The interval from ovariectomy to initiation of culture was 2 to 4 h.
Culture medium was modified M199 (Moor, 1973) with 5% each of heat-treated fetal and newborn calf sera 6 . Follicles were cultured separately in 30-ml glass beakers on stainless steel grids on a static platform in a gas atmosphere of 5% CO2, 40% 02 and 55% N2. Follicles of diameter 5 to 8 mm, 8.1 to 15 mm and 15.1 to 22.0 mm were cultured in 8, 10 and 15 ml of medium, respectively. Volumes were selected to provide adequate medium-air interchange with follicles. Steroid output was corrected for total amount of medium used. Preliminary trials were conducted to determine the most favorable conditions for culture. Characteristics examined were type of atmosphere, effect of sera and persistency of steroid release during culture. The gas mixture selected was superior to a 5% CO2 -air mixture, and steroid production in a 10% sera mixture was similar to a 20% sera mixture. The 2-h incubation time selected 6 K. C. Biological, Lenexa, KS. was arbitrary. However, steroid release into medium in preliminary trials remained constant throughout 40 h of culture, and concentrations of steroids in follicular fluid were similar in cultured and noncultured follicles, except that testosterone was higher in follicular fluid following culture.
Steroid Assays. Concentrations of estradiol-17/3 (E), progesterone (P) and testosterone (T) were determined by radioimmunoassay (RIA) as validated in our laboratory for plasma (Cantley et al., 1975; Kesler et al., 1977 Kesler et al., , 1979 and follicular fluid (HernandezLedezma et al., 1982) , with one exception. Determination of steroid content in culture medium and follicular fluid was done without extraction of steroids with ether. Tests of extracted and unextracted medium and follicular fluid showed no difference in mean concentrations of steroids. Correlation between the two methods was .99. Parallelism was verified in each assay as well as extraction efficiency. Extraction efficiency of steroids from medium was 94, 95 and 98% and from follicular fluid was 69, 100 and 94% for E, P and T, respectively.
Culture medium and follicular fluid were diluted in the respective radioimmunoassay buffer. Culture medium was diluted 1:100; 100/~1 was used for E, P and T determination. Estradio1-17~3, P and T concentrations in follicular fluid were determined using the following volumes and dilutions: 50 /~1 of 1:100, 50 bd of 1:10 and 100 /~1 of 1:100, respectively, lntraand inter-assay coefficients (n=9) of variation for E, P and T were 11.7 and 13.6%, 9.6 and 13.5%, and 10.3 and 7.3%, respectively.
After determination of accumulation of steroid into the medium and concentration of steroid in the follicular fluid, follicles were classified as estrogen active (EA)and estrogen inactive (El) based upon steroid secretion into culture medium. Estrogen active follicles were those with an estrogen:progesterone (E:P) ratio >1.0, and El follicles were those with an E:P ratio < 1.
Statistical Analysis. Differences in populations of follicles were tested using one-way analysis of variance, based on square root of counts plus one. Differences in populations of EA and El follicles were tested using R x C chi-square analysis (Snedecor and Coehran, 1980) . Significance of comparisons was on a type I error rate of P<.05.
Analysis of steroid data was done using SAS (1979). General linear model (GLM) computa-tions were computed for steroid accumulation into the medium or concentration of steroid in the follicular fluid. The analysis of variance had main effects of size of follicle, classification (EA vs El) and day of estrous cycle. All main affects and interactions were calculated and tested using a 5% type I error rate. Least-squares means and significance from a LSD mean separation (when observed F was large) are presented. Protected least-squares means (LS means) were used to compare means. Effect of day of estrous cycle on steroid accumulation was tested. There was at least one, and up to nine, medium follicles present on the ovaries of cows in all cases except on d 19, where no medium follicles were found in two cows. Medium EA follicles (n = 7, 6 and 6, respectively) were present on the ovaries of 6/10, 5/10 and 3/10 cows on d 4, 12 and 19, respectively; only one cow (d 19) had more than one medium EA follicle. The number of large follicles did not differ on d 4, 12 or 19. Large follicles were present on 6/10, 7/10 and 10/10 cows on d 4, 12 and 19, respectively; 0/10, 1/10 and 4/10 cows had more than one large follicle present. Two large follicles were present on the ovaries of four of these cows; the remaining cow (d 19) had four large follicles. Only one of the large follicles in these cows was EA. Four of six, 2/8 and 7/16 large follicles on d 4, 12 and 19, respectively were EA, and included 4/10, 2/10 and 7/10 cows, respectively.
Results

Follicular
Only seven cows had more than one EA follicle present of medium and large size. In three of these cows, the two ea follicles present were the largest and second largest follicles. 
Steroidogenic Capacity of Intermediate and Large Follicles in Vitro.
The analysis of variance for steroids released into medium during culture is shown in table 2. The main effects of day (D), size of follicle (S) and classification of follicle (C; EA vs EI) were all significant for E and P, as was the DxS, DxC, SXC and D• interactions. For testosterone, the main effects of S and C of follicles were significant, as were the Dxc and Sx C interactions. In general, the amount of steroid (E, P and T) released into medium was greater for large than intermediate follicles (table 3) . In addition, EA follicles released more E into medium than EI follicles, while release of P and T into medium was greater for El follicles. These results were expected due to the arbitrary classification of follicles. Of more interest was change in steroidogenic capacity of follicles during different stages of the estrous cycle. The remaining results will address this comparison. No significant differences were observed in follicular fluid concentrations of E, P or T in large follicles on any day of the estrous cycle.
TABLE 3. AMOUNT (NG/2 H) OF ESTRADIOL-173 (E), PROGESTERONE (P) AND TESTOSTERONE (T) OF ESTROGEN ACTIVE (EA) AND ESTROGEN INACTIVE (EI) FOLLICLES RELEASED INTO MEDIUM AFTER 2 H OF CULTURE BY INTERMEDIATE AND LARGE BOVINE FOLLICLES
Discussion
Follicular growth, atresia and ovulation are a complex series of events and interactions. During the bovine estrus cycle, the follicle is a transient endocrine gland whose products, both steroidal and non-steroidal, may play an important role in the consequence of events that govern follicular growth patterns (for reviews see Hansel and Convey, 1983; Spicer and Echternkamp, 1986) . The bovine estrous cycle can be divided into three phases: early luteal, with formation of the corpus luteum and rising progesterone in plasma after ovulation; midluteal, with a mature corpus luteum and elevated concentrations of progesterone in plasma; and follicular, with decreasing concentrations of progesterone and increasing secretion of estrogen. During any stage of the estrous cycle, the majority of follicles have an E:P ratio <1, which is considered to be an indication of atresia Roche, 1982, 1983) . Similarly, most follicles in this study were classified as El. Steroid secretion in vitro by El follicles in this study was not generally different among days of the estrous cycle studied, which is probably indicative of follicular atresia. Most of the subsequent discussion will be associated with EA follicles.
Changes in secretion of the gonadotropins, follicle stimulating hormone (FSH) and luteinizing hormone (LH), are associated with folliculax growth and recruitment of antral follicles in cattle (Hansel and Convey, 1983) . A rise in both FSH and LH prior to ovulation may be associated with the appearance of a large pool of small antral follicles during the postovulatory and early luteal periods (present study; Matton et al., 1981) . The increased level of E produced by d 4 EA intermediate follicles may be due to the preovulatory rise in FSH or the high frequency, low amplitude pulsatile secretion of LH (Rahe et al., 1980) . Intermediate EA follicles produce more E at this time than during the mid-luteal phase. By d 4 after ovulation, the effect of the preovulatory rise in FSH may be decreasing, with fewer follicles being rescued from degeneration by falling concentrations of FSH. A second possibility is that the change in episodic LH secretion from high frequency-low amplitude to a low frequency-high amplitude mode may not stimulate follicular growth of larger follicles. Large follicles during the early luteal phase most likely originate from two follicular pools-intermediate follicles rescued from atresia or small follicles stimulated by the gonadotropins. Since size classification of large follicles is arbitrary, large follicles present at this time may be from either pool.
The mid-luteal phase of the bovine estrous cycle is distinguished by high concentrations of progesterone in plasma, and the concomitant change in gonadotropin secretion. Cyclic growth and atresia of follicles occur (Hansel and Convey, 1983; Spicer and Echternkamp, 1986) . Large mid-luteal EA follicles have a high capacity to bind gonadotropins (Ireland and Roche, 1983) . The midquteaI phase is a period of diminished ovarian activity (Matron et al., 1981; Ireland and Roche, 1983) , and there were significantly fewer follicles of all sizes compared with the follicular phase in the present study. There was also a lower proportion of intermediate EA follicles compared with the follicular phase. Changes in gonadotropin secretion patterns from the follicular-preovulatory period to the mid-luteal phase (Rahe et al., 1980) may be associated with appearance of fewer total and EA follicles.
Steroid production from mid-luteal follicles varied with type and size of follicle. Intermediate EA follicles on d 12 produced more E than d 19 follicles but less than d 4 follicles, with a difference in the proportion of EA/EI follicles between d 19 but not d 4. An inhibitory influence of the corpus luteum, either steroidal (progesterone) or nonsteroidal (Matton et al., 1981) , may be responsible for this change in proportion of EA/EI follicles. Lowered steroid synthesis may be due to atresia of a dominant mid-luteal follicle (Ireland and Roche, 1983) .
The follicular phase of the cycle studied is 72 h after the start of decline in progesterone, and characterized by low progesterone secretion (Schams et al., 1977; Garverick et al., 1971) and elevated E, LH and FSH (Schallenberger et al., 1985) . More small follicles and a greater proportion of intermediate EA/EI follicles were present during this phase of the cycle. A large EA follicle was present on the ovaries of most cows at this time. An elevated secretion of, or pattern of pulsatile release of, gonadotropins may be associated with the increased follicular growth at this time. It has been suggested that the follicle destined to ovulate may be inhibitory to growth of other follicles (Matron et al., 1981; Goodman and Hodgen, 1983) . Thus, no increase in the number of intermediate follicles may occur with the change in secretion of gonadotropins at this time (Matton et al., 1981; Goodman and Hodgen, 1983) .
Increased E released into medium and in follicular fluid of follicular phase follicles are consistent with development of a dominant follicle. Intermediate follicles on d 19 had increased P and decreased E in follicular fluid with decreased ability to release E into the medium compared with earlier days studied. This is indicative of atresia (Ireland and Roche, 1983) or inhibition of "intermediate follicle steroidogenic capacity. In contrast to intermediate follicles, there was a marked increase in E production in large follicles as seen by others (Kruip and Dieleman, 1985) . The increased activity of this large EA follicle may be a direct effect of elevated concentrations in plasma and(or) change in the secretory pattern in release of gonadotropins.
In review, both the numbers and steroidogenie activity of follicles in culture varied over the bovine estrous cycle. In the postovulatory period, there was a large pool of intermediate sized, apparently E-producing follicles. This pool decreased in number and activity with later phases of the estrous cycle. Numbers of large follicles did not change much over the cycle; however, their ability to produce E increased markedly during the follicular phase.
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